The objective of this study was to determine the effect of age and breed of cattle on carcass and meat characteristics in Ethiopia. A total of 39 (Arsi 11, Boran 14 and Harar 14) cattle breeds with age categories of <3, 4 -6, and 7 -9 years were used for the study. The bulls were purchased from their respective production system of mixed crop livestock system (Arsi and Harar) and Ranch (Boran). Parameters such as live and carcass weight, meat yield percent, fat characteristics, and primal beef cuts were evaluated. Complete randomized design was used for the study. The live weight of bulls at <3, 4 -6 and 7 -9 years ranged 135 -183, 167 -181, and 155 -433 kg, respectively. The carcass weight, dressing percentage, meat yield percent, forequarter, hindquarter, rib eye area, and fat thickness ranged 57 -209.73 kg, 41.8% -51.6%, 32% -58%, 11.7 -56.42 kg, 14.04 -45.34 kg, 4.78 -10.25 square inches and 0.18 -0.38 inches, respectively. At an early age category (<3 years) meat yield percentage of Arsi, Boran and Harar breeds were 50.86, 30 and 18.72, respectively, and as age category shifted from one age category to the next Harar increased by 13× and Boran by 2.9× and Arsi decreased by -0.93×. The mean rib percentage of Arsi, Boran and Harar were in the range of 7.98 -9.57, 8.62 -10.44 and 7.08 -8.83, respectively. Breed and age of bulls had significantly affected primal meat cuts. Meat yield was predicted from live and hot carcass weight with coefficient determination (R 2 ) of 70.66% and 74.75%, respectively. From the study, it was concluded that age and breeds of cattle had significantly influence on carcass and meat characteristics. Therefore, to determine whether variations were due to genetic or environmental cause's evaluation of the three breeds under similar feeding condition was recommended.
Introduction
Ethiopia has the largest livestock population in Africa and possesses 60.39 million heads of cattle, 31.30 million sheep, 32.74 million goats, and 60.04 million poultry [1] . The sector contributes 15% -17% of the country's gross domestic product (GDP), 35% -40% of agricultural GDP and 37% -87% of the household incomes [2] . However, the country is not fully exploiting this large resource and productivity of the animal is low and products being produced are of low quality [3] [4] . Cattle production is one of the main animal's agriculture in Ethiopia [5] .
In Ethiopia, there were 25 indigenous cattle breeds were identified [6] [7] . These breed contrasts were credited to differences in carcass weight and/or fatness [8] [9]. Age of an animal additionally a significant factor in deciding the delicacy and adequacy of meat [10] .
Beef is one of the widely consumed protein sources in the world. The average carcass weight per cattle for Ethiopian was 135 kg, which was by far less than the average of 146 kg for Africa, and 205 kg for the whole world [11] [12] . Ethiopians consumed about 8 kg of meat per capita annually, which was less than what was consumed in developing countries [11] . [13] , reported the absence of continuous documented information on carcass yield traits of cattle slaughtered at abattoirs in different times in Ethiopia. The review conducted by [14] revealed that there was little information on meat cut yields, quality, and sensory characteristics on indigenous cattle breeds in Ethiopia. Research on meat and meat products were given little attention in the country [15] .
A part of the carcass from which primal cut is made is a good indicator of the relative tenderness of a cut and can help consumers decide which method of cookery to use in preparing a cut [16] . Meat cuts differ in their commercial value because of their differences in tenderness and proportion of leanness. The three most important areas that require emphasis in the future research are lean meat yield, eating qualities, and nutritive value of the products [17] . Furthermore, [18] noted that optimization of cattle production requires knowledge of the variation in meat quality and carcass traits and the association between them. There was limited information on the effects of age and breed on beef carcass and meat characteristics in Ethiopian. The objective of this study was to determine the effect of age and breed (Arsi, Boran, and Harar) of cattle on carcass and meat characteristics in Ethiopia. tension and outreach) on the cut surface of the rib eye and counting all squares in which lean surrounds a dot as per the guidance described by manufacturer of the plastic grid. The number of squares counted was divided by 10. The resulting number was the area of the rib eye in square inches [21] . Fat thickness was measured by ruler graduated in millimeters. The dressing percentage was evaluated according to [22] .
Dressing Percentage (DP) was calculated as:
Hot Carcass Weight Dressing Percentage 100 Live weight = × Forequarter, hindquarter Primal meat cuts measurements
The meat cuts were evaluated according to [23] cattle meat cut methods. The carcasses of the bulls were cut along a symmetric line through the column vertebral, the sternum and the Symphysis pubica. Accordingly, the beef carcass was first separated into right and left sides. Then after, it was separated into forequarter and hindquarter. The forequarter was the anterior portion of the beef side and separated from the hindquarter between the 12 th and 13 th rib. The hindquarter was the posterior portion of the carcass side after separation from the forequarter and it contained one last Rib bone. The fore and hindquarter were further cut in to the primal/wholesale cuts and weighed, separately. The weight of primal cuts from right side; chuck, rib, round, loin, brisket, plate flank, and shank were determined by weighting scale. The percentage of each primal cuts were calculated based on weights of primal cuts multiplied by 2 and then divided by total carcass weight and multiplied by 100. Meat yield percentage was evaluated by dividing meat yield by hot carcass weight multiplied by 100.
Experimental Design
A factorial arrangement with two factors (age and breed) in the CRD (Completely Randomized Design) was used for the study. The treatment composition was indicated in Table 1 .
Statistical Analyses
The data were analyzed by the procedure of General Linear Model (GLM) using SAS software [24] . When the GLM showed the presence of significant difference between the different parameters, the Duncan's multiple range tests were used 
Results and Discussion

Effect of Age and Breeds of Cattle on Carcass and Meat Characteristics
Breed and age of cattle had significant influence (P < 0.05) on live and carcass weights, forequarter and hindquarter weights, and rib eye area ( Table 2 ). Boran Boran breed compared to other breeds in the country were similarly reported by [13] . Higher Boran live and carcass weight might be due to the improvement program practiced for the breed since 1960 [25] . The difference in live and carcass weight of Boran breed over Arsi and Harar cattle breed might be also due to the feeding system on which these breeds were finished, i.e. the Boran was finished in ranch condition while the Arsi and Harar under smallholder feeding regime with grazing and crop residues as a major feed resource. Wheat, barley straw, and maize/sorghum stover were the major sources of crop residues used as feed in the latter breeds as they were managed in mixed crop livestock system.
Mean carcass weight of Boran breed between 7 to 9 years in the present study was higher than the average carcass weight of 154 kg reported by [13] for the same breed slaughtered at export abattoir in Ethiopia. The carcass weights of Arsi and Harar cattle breeds were lower than the carcass weight of cattle (135 kg) slaughtered at local abattoirs in Ethiopia [26] .
The dressing percentage of Boran breed in the present study was lower than that reported for the same breed reported by [13] and [25] and for Ogaden cattle [27] , which was 56%. Dressing percentage for Arsi and Harar cattle breeds were comparable with the same parameter reported for cattle slaughtered at local and export abattoirs in Ethiopia, which was 46.78% [13] . Moreover, the dressing percentage in the present study was comparable to Simmental bulls, Brazil Nellore breed and their crossbred bulls [ 
Effect of Age and Breed of Cattle on Meat Yield Percent/Retailed Meat Yield
Interaction effect of age and breed on meat yield percent presented in Figure 1 . Farmers in Hararghe fatten bulls using maize or sorghum thinning as green forage after using the bulls for draft purpose for a season or two.
In addition, [40] reported 
Effects of Cattle Age and Breed on Fat Characteristics
Fat thickness of the three breeds of cattle was in a range of 0.18 to 0.38 inch (Table 3) . Higher values of fat thickness as compared to the present finding were recorded for Guzholstein (1.9 inch) and Guzonell (2.6) bulls in Brazil [41] . At 7 -9 years fat thickness of Boran cattle breed was significantly greater than that of
Arsi. There were no significant difference (P > 0.05) in kidney and pelvic fat content among the breeds across age categories. Weight of heart fat recorded for the three breeds in the current study was less than (0.86 ± 0.04) that was reported by [42] for the Boran breed slaughtered at 8 years. At age categories from 7 -9 years, weight of heart and ommental fat were higher (P < 0.05) for Boran than Arsi and Harar cattle breeds.
Correlation between Carcass and Meat Characteristics
Fat thickness was strongly (P < 0.0001) correlated with heart (r = 0.65), and
Ommental fats (r = 0.57) and carcass weight (r = 0.57) ( Table 4 ). The relative proportionality of fat thickness with carcass weight may be due to the slight increment in deposition of fat tissue as cattle advances with age. On the other hand the relative proportions of specific tissues changes as the animal matures, typified by reductions in the growth rates of muscle and bone and increasing rates of Kidney fat is strongly (P < 0.0001) correlated with ommental fat, while negatively correlated with eye rib area (p = 0.67) and dressing percentage (P = 0.90).
Pelvic fat somewhat strongly correlated with Omental fat (P = 0.0019), live weight (P = 0.0023) and carcass weight (P = 0.005). Heart fat, Ommental fat, and live weight have strongly correlated with carcass weight (P < 0.0001). Ommental fat strongly correlated with live weight (P = 0.0002) and carcass weight (P < 0.0001) Meat Yield was strongly correlated with ommenta fat, live weight and carcass weight and negatively correlated with kidney fat.
Effect of Age and Breed of Cattle on Primal Meat Cuts Percentage
The proportions of the primal meat cuts of the breeds were presented in Table 5 .
A primal cut is a larger section of a carcass from which retail cuts are made [16] . [47] reported primal meat cuts percentages of chuck, rib, and round were 29%, 9%, and 22% of carcass, respectively. On the other hand [48] reported less Chuck (29%), greater Round (22%) and almost equal Rib (9%) of carcass. Age and breed had significant effect on valuable meat cuts. At the age group of <3 chuck was higher (P < 0.05) in Harar than Arsi and Boran. In both < 3 and 4 -6 years of bulls age rib cut was significantly lower (P < 0.05) in Harar than Arsi and Boran. At 7 -9 years rib cut was higher (P < 0.05) in Boran than Arsi and Harar. The current study is in agreement with the finding of [49] who reported relatively similar rib cut percentage (9.24%) and lower chuck cut (16.67%). However, [50] reported higher mean rib cut percentage (15.45 ± 1.60) for Hanwoo cattle breed veal calves.
Cut from short loin of <3 year Arsi was higher (P < 0.05) than from Boran and Harar. At age between 7 and 9 years cut from tenderloin was lower (P < 0.05) in Boran than Arsi and Harar. This finding was lower than the finding reported by [50] on Hanwoo cattle breed veal calves tenderloin (2.76 ± 0.01). Boran breed of <3 years of age yielded greater (P < 0.05) Top and Bottom sirloin than Arsi and Harar.
Effect of Age and Breed of Cattle on Primal Meat Cuts Yield/Weight
The effects of age and breeds of cattle on primal meat cuts yield were summarized in Table 7 . Mean value of each carcass cut weight showed significant difference (P < 0.05) by age category. At age between 7 and 9 years mean yield of chuck cut in Boran was higher (P < 0.05) than Arsi and Harar. The mean rib yield of Boran cut at 7 -9 years was significantly greater than mean yield of Arsi and Harar cattle breeds. At age between 7 and 9 years Boran yielded high (P < 0.05) weight of short loin, sirloin, top sirloin, and bottom sirloin than Arsi and Harar. The higher yield obtained from Boran might be due to good body conformation at slaughter and also might be due to better feed sources availability during rearing time. In agreement to the current study, [42] reported better performance of Boran breed compared to other indigenous breeds. Mean value of round, brisket, and flank in Boran with age of 7 -9 years was significantly higher than that of Arsi and Harar breeds.
Prediction of Meat Yield
The prediction of meat yield from live weight, hot carcass weight, ribeye area, Means bearing different superscripts are significantly different, ***p < 0.0001, **P < 0.01, *P < 0.05, NS = Non Significant, SD = Standard deviation, % = Percentage. Open Journal of Animal Sciences chuck, sirloin, tenderloin, and plate were summarized in Table 8 . Meat yield can be effectively predicted from live weight with coefficient determination (R 2 ) of 70.66%. At 74.75% of coefficient determination meat yield was predicted well from the hot carcass weight. Chuck, sirloin, and tenderloin also effectively predicted meat yield with coefficient determination of 91.97%, 66.20%, and 65.99%, respectively. This indicated that the live and hot carcass weight, chuck, sirloin and tenderloin could be reliable measurement in estimation of meat yield.
Conclusion and Recommendation
From the study, it was concluded that age and breeds of cattle had significantly influence on carcass and meat characteristics. In old age (7 -9 years) Boran better performed than Arsi and Harar in live weight, carcass weight, forequarter, rib eye area, heart and ommental fat, rib cut percentage, chuck cuts weight and loin weight. Arsi bulls yielded higher meat yield percent at an early age (<3 years), while decreasing as the age advanced and the meat yield percentage from Harar cattle increased linearly as the age advanced up to 9 years. Live and hot carcass weight, chuck, sirloin and tenderloin could be reliable measurement in estimation of meat yield. Therefore, to determine whether variations were due to genetic or environmental cause's evaluation of the three breeds under similar feeding was recommended.
